Comorbidities represent a risk factor for adverse events in several critical illnesses. The aim of this study was to identify the relationship between the Charlson Comorbidity Index (CCI) with mortality and length of stay (LOS) in critically ill elderly patients. Methods: A retrospective analysis was made of patients admitted to our tertiary adult intensive care unit (ICU) between January 2015 and January 2016. The impact of comorbidity was evaluated with the CCI. Other required data were retrieved from the patients' follow-up records. Results: The study included a total of 251 patients. The mean age was 78.79 ± 6.70 years. The total mortality rate was 41.0%. The most common cause for admission was sepsis and acute respiratory failure (18.3% vs 18.3%). The median APACHE II score was significantly higher in non-survivors than survivors (31.0 [13.0-47.0] vs 21.0 [9.0-40.0]; p < 0.01). The median CCI was 2.0 (0.0-7.0) for survivors and 3.0 (1.0-10.0) for non-survivors. The CCI of non-survivors was significantly higher than that of survivors (p = 0.005). Patients with CCI > 3 had higher mortality than those with CCI ≤ 3 (p < 0.05). The odds ratio of the APACHE II score for mortality was 1.214 (95% CI: 1.154-1.276), and for CCI it was 1.320 (95% CI: 1.088-1.602). There was a significant positive correlation between CCI and LOS (r = 0.147; p = 0.020). Conclusions: CCI is strongly associated with both mortality and LOS. It can be used as a prognostic marker for elderly patients in critical care.
here are many prognostic factors and scoring systems for mortality and prognosis in ICU patients. Of these, the Acute Physiology and Chronic Health Evaluation (APACHE) score is one of the most frequently used scoring systems [1] . In recent years, there has been increasing interest in different indicators which may be useful for the prediction of mortality.
Population aging and the increasing frequency of chronic diseases has created a greater need for acute healthcare services, with an increased number of elderly patients admitted to ICU [2] . Comorbidity is one of the major factors affecting health status and management strategies in critically ill patients especially the elderly [3] . The coexistence of two or more longterm pathologies is defined as multimorbidity, and this condition is related to frailty, disability, increased risk of hospitalization and death, especially among elderly patients [4] .
The Charlson Comorbidity Index (CCI), first re-ported in 1987, is a commonly used index which is used for predicting prognosis based on comorbid conditions of the patient [5] . The CCI was subsequently shown to be important and effective prognostic marker for mortality in many diseases and conditions [6, 7] . The aim of this study was to present the the prognostic value of the CCI for mortality and length of stay (LOS) in older patients admitted to the Internal Medicine Adult ICU of Karabuk University Training and Research Hospital.
METHODS

A retrospective analysis was made of patients admitted to the Medical ICU of Karabuk University
Training and Research Hospital from January 2015 to January 2016. Patients with a length of stay (LOS) of less than 48 hours and younger than 65 years age were excluded. The study included a total of 251 patients aged > 65 years.
Evaluation was made of the demographic information, laboratory test results, APACHE II scores, and diagnosis at the time of admission. Comorbidity was defined as pre-existing diseases and medical conditions present at the time of admission. The comorbidities and conditions of the patients were recorded. The CCI score was calculated using these parameters. Table 1 shows the list of comorbid conditions included in the CCI. For the analyses, the study population was separated into 2 groups as survivors and non-survivors.
Compliance with Ethical Standards
All procedures performed in the study were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.
Statistical Analysis
SPSS Statistics 19 software (IBM, Armonk, NY, USA) was used for statistical analysis. In the comparison of variables distributed homogeneously, the t-test was used for parametric variables and the Chi-Square test was used for non-parametic variables. For variables not showing homogeneous distribution, the Mann Whitney U test was used. Data were expressed as mean ± standard deviation (SD) and median (minimum-maximum) values. Multiple logistic regression analyses were used to determine the risk factors for mortality and LOS. Kaplan-Meier survival curves was used for survival analysis. A value of p < 0.05 was accepted as statistically significant.
RESULTS
The total 251 patients comprised 109 males (43.4%) and 142 females (56.6%) with a mean age of 78.79 ± 6.70 years. A total of 103 (41.0%) patients died during the follow-up period and 148 (59.0%) patients survived and were either transferred to other departments in the hospital or discharged. The demographic data are shown in Table 2 . The most common diagnoses for ICU admission were acute respiratory failure (18.3%), sepsis (18.3%) and pneumonia (15.9%). Median overall survival was 17 days (14.9-19.1) ( Fig. 1 ).
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The median age was 80.0 years (65.0-93.0) for non-survivors, which was higher than that of survivors at 79.5 years (65.0-99.0), but not statistically significant (p = 0.975). The median APACHE II score of the whole patient group was 26.0 (9.0-47.0). It was significantly higher in non-survivors than survivors (31.0 [13.0-47.0] vs 21.0 [9.0-40.0]; p < 0.01). The median CCI was 2.0 (0.0-7.0) for survivors and 3.0 (1.0-10.0) for non-survivors. The CCI of nonsurvivors was significantly higher than that of survivors (p = 0.005). All these parameters and the relationships with mortality are shown in Table 3 . The mortality rate of patients with CCI > 3 was significantly higher than patients with CCI ≤ 3 (55.1% vs 35.7%; p < 0.05) ( Table 4 ).
Multiple logistic regression analysis was applied to the APACHE II score, age and CCI, and the APACHE II and CCI were left on the model with a value of p < 0.491. According to the result of this analysis, the odds ratio of APACHE II score for mortality was found to be 1.214 (95% Confidence Interval: 1.154-1.276), and the odds ratio of CCI for mortality was found to be 1.320 (95% Confidence Interval: 1.088-1.602).
When the relationship between the APACHE II, CCI and LOS was analysed, there was a significant positive correlation between APACHE II and LOS (r = 0.314; p < 0.001). CCI was found to be positively related with LOS (r = 0.147; p = 0.020). There was no significant relationship between CCI and APACHE II (p > 0.05). The relationships between the parameters are shown in Table 5 . systems, the APACHE II score is still one of the most frequently used risk scoring systems and it has high success rates for the prediction of mortality [1] . In the current study, the APACHE II score was determined to have a significantly positive correlation with both mortality and LOS, as expected. In a prospective study of 109 patients admitted to the ICU for 1 year, malnutrition, delirium, and APACHE II were found to be risk factors for long-term mortality [8] .
DISCUSSION
Recently, the mean age of patients admitted to ICU has been increasing [2, 9] . Aging itself is considered to be the most important risk factor for several chronic conditions [10] . In two studies of elderly patients, age itself was not found to be an independent risk factor for mortality [8, 11] . In only one study, mortality was significantly associated with age in univariate analysis but not in multivariate analysis [12] .
In the current study, the mean age of the patients was 78.79 ± 6.70 years and similar to previous results, it was demonstrated that age is not a risk factor for mortality and LOS in older patients. As APACHE II was the already known predictive score and age was shown not to be related with mortality and LOS, then the comorbidity status becomes very important. For elderly patients, there is no generally valuable and validated index for comorbidity which can predict prognosis especially in intensive care. mortality. It includes the number and severity of comorbid conditions [5] . The CCI has been shown to be important and effective prognostic marker for mortality in many diseases and conditions [6, 7] , although the number of studies on critically ill elderly patients is limited. In a study of elderly patients admitted to ICU, age, critical illness, cardiopulmonary resuscitation, and the need for mechanical ventilation and/or vasopressor therapy were found to be independent risk factors associated with adverse outcomes [2] . In the current study, the CCI of nonsurvivors was found to be significantly higher than that of survivors and the OR was 1.320 for mortality. Therefore, this finding supports the view that CCI is a valuable index for critically ill elderly patients. Similar to the current study, Buntinx et al. [13] showed that the CCI is a predictor of short-term mortality and hospitalization in a large cohort of 2,624 institutionalized elderly people. In contrast, in a prospective study with 444 elderly patients, a comparison was made of the abilities of six different validated comorbidity indices including CCI, to predict mortality, LOS and institutionalization in a geriatric hospital. The results showed that the geriatrics index of comorbidity (GIC) was the most accurate predictor of mortality during hospitalization rather than CCI [12] . In contrast, the results of the current study demonstrated that both APACHE II and CCI have a significant impact on LOS. There was no relationship between CCI and APACHE II. Therefore it can be suggested that CCI be used as a prognostic marker for LOS in addition to APACHE II. Quach et al.
[14] prospectively compared the discriminative ability of the CCI to the APACHE II in predicting hospital mortality in adult multisystem ICU patients. They found that CCI is a poor predictor of mortality and does not perform as well as the APACHE II in predicting hospital mortality in ICU patients. However, they suggested that CCI can be considered as an alternative method of risk assesment when illness scores are unavailable or are not recorded in a standard way. Since the CCI includes comorbidies which are usually seen in older ages, one of the reasons for their result maybe that they included patients > 17 years with a median age of 56. In our study, we only included geriatric patients (age > 65 years) which are expected to have chronic comorbidies before ICU administration. In a prospective cohort study of 201 ICU patients, the CCI was found to be useful to discriminate between survivors and nonsurvivors [15] . They also found that APACHE II system was an excellent predictor. (area = 0.87, SE = 0.04). They suggested that CCI could improve prognostic predictions even for critically ill patients. Although they included all patients without age discrimination, they found a significant result for CCI similar to our result.
Limitations
Limitation of the current study was its retrospective design and heterogenous patient selection. Else, the quality of comorbidity data in retrospective review of medical records or administrative data may be unclear and under-report true incidence. Therefore prospective studies are needed.
CONCLUSION
Many parameters are used to predict prognosis in ICU patients. The results of the current study revealed that the mortality rates were significantly higher in patients with higher APACHE II scores. The CCI was higher in the non-survivor group and was strongly associated with mortality and LOS in critically ill older patients. Due to its easily available nature, it is appropriate to use it as a prognostic index in critically ill elderly patients.
